In cases 2 and 4, unilateral PV occlusion and stenosis were detected at 13 and 12 months, respectively, after surgery. Cardiac catheterization prior to surgery had not suggested any obstruction and we did not manipulate any of the PVs during surgery. Consequently we could not determine the cause of the obstruction. Although the definitive surgery for the cardiac defects of these patients would have been a Fontan type operation, we did not recommend this for these patients because of poor ventricular function, pulmonary venous obstruction, and pulmonary arteriovenous fistula. Instead we decided to implant stents as a palliative procedure to improve hypoxia (Table 1) .
Stent Implantation
We implanted Palmaz stents (Johnson & Johnson Cordis, Miami, FL, USA) in cases 1 and 2, and in the left upper PV in case 3, from the groin through a 7 or 9Fr long sheath. [8] [9] [10] Because an acute and tortuous route made it difficult to implant the original Palmaz stent, we implanted Palmaz Corinthian stents (Johnson & Johnson Cordis) in the 2 lesions of case 3, and in case 4. The original Palmaz stents were manually crimped onto high pressure Cordis Power Flex or Opta balloons. The diameter of the balloon was equal to or 1 mm greater than the diameter of the reference vessel. Palmaz Corinthian stents, which were premounted on high-pressure Cordis Opta LP or Jupiter balloons, were implanted through 6Fr long sheath from the groin, except in the case of the right lower PV of patient 3 where we did not use a long sheath. After initial deployment, stents were further expanded as necessary with larger diameter or higher pressure balloons to leave minimal residual stenosis. We used several types of high-pressure balloons in the redilatation procedures ( The outcome of stent implantation and redilatation was investigated in 4 pediatric patients with 7 stenotic lesions of the pulmonary vein (PV), paying particular attention to late neointimal proliferation. The minimal diameter of the lesions increased from 0.8-3.6 (2.3±1.1) mm to 3.6-8.4 (5.1±1.6) mm immediately after stent implantation. Although the pressure gradient across the lesion was not measured in patient 4, in patients 1-3, it decreased from 4-34 (18±13) mmHg to 3-15 (7±4) mmHg. Except for case 4, who achieved a lesion diameter of 8.4 mm after initial stent dilatation, the other 6 lesions all restenosed within a few months, with an increasing pressure gradient. One patient with multiple PV stenoses associated with persistent severe pulmonary hypertension died suddenly. However, repeat dilatations were effective in all other lesions. Furthermore, in one lesion in patient 1, no serious restenosis developed for 20 months after the lesion was dilated up to 5.6 mm. Although further follow-up is mandatory, the final stent diameter within a vessel may determine long-term patency, and aggressive redilatation may be crucial for successful therapy of such a difficult disease. 
T CLINICAL INVESTIGATIONS
given after the stenting.
Written informed consent for stent implantation and cardiac catheterization was obtained from the patient's parents.
Data are expressed as mean ± SD. Statistical comparisons were done by paired t test using StatView 5.0 software (SAS Institute, Cary, NC, USA). A p<0.05 was considered statistically significant.
Results
The minimal diameter of the lesions increased from 0.8-3.6 (2.3±1.1) mm to 3.6-8.4 (5.1±1.6) mm immediately after stent implantation (p<0.01, Fig 1) . We could not measure a pressure gradient across the lesion in case 4, but in cases 1-3, it decreased from 4-34 (18±13) mmHg to 3-15 (7±4) mmHg (p<0.05, Fig 2) . Although severe pulmonary hypertension persisted in cases 1 and 3, in whom bilateral pulmonary venous obstruction had existed more than 1 year prior to stent implantation, lung congestion was ameliorated in all other patients. Except for case 4, whose lesion diameter increased to 8.4 mm (Fig 3) , restenosis with an increasing pressure gradient occurred in the other 6 lesions, developing within a few months. Case 3 had persistent pulmonary hypertension 6 months after the last redilatation of the stent and died suddenly. However, repetitive redilatations were effective in all other lesions. Stent diameter increased in every redilation from 4.2-6.8 (5.2±0.9) mm to 4.4-6.9 (5.7±1.0) mm, though the increase was not statistically significant. The intimal thickness significantly decreased from 0.1-3.7 (2.3±1.1) mm to 0-1.5 (0.8±0.6) mm (p<0.01). In the left upper PV of case 1, there was no evidence of serious restenosis for 20 months after redilatation of the stent to 5.6 mm using an extra high pressure balloon at 8 months after the initial stent implantation (Figs 1,2) .
Discussion
Pulmonary vein stenosis may occur as an isolated lesion in patients with an otherwise normal heart, but more frequently coexists with such congenital heart anomalies as TAPVC, transposition, and other anomalies. 2, [18] [19] [20] Although affecting a small number of patients, recurrent post repair PV stenosis may be lethal if it develops bilaterally. 1, 3, 6, 7, 20 In patients with right isomerism, the presence of an obstructed PV is an independent risk factor for a poor prognosis. 21 A previous study suggested that the presence of echocardiographically defined turbulence within the PVs after repair is associated with restenosis, 22 and another study reported that the size of the individual PVs was an important determinant of outcome in patients with TAPVC. 23 Although pediatric data on the outcome of intravascular stent implantation for pulmonary artery and systemic vein stenosis suggests an exceptionally high patency rate, stent procedures in children with congenital or post repair PV stenosis are frequently complicated by restenosis with neointimal proliferation. 10, 16, 17 Hosking et al reported that in swine there was no apparent difference in the proliferative responses of the normal systemic veins and the normal PV to the presence of an intravascular stent and they suggested that the final stent diameter within a vessel at the time of stent placement may determine the rate of reocclusion, particularly when the underlying substrate is abnormal with a tendency for neointimal proliferation. 24 We have found that, even in the pulmonary artery, a small vessel diameter is a risk factor for excessive late neointimal proliferation. 25 In the present study, although the acute results of stenting the PVs were promising, restenosis was a major limitation, as reported previously. 10, 16, 17 However, repeated redilatations were usually effective, following a slight increase in stent diameter and a striking decrease in the intimal thickness. Furthermore we achieved long-term patency in 2 lesions dilated up to 8.4 and 5.6 mm, respectively. Although further follow-up is mandatory, the final stent diameter within a vessel may be critical for long-term patency and we believe that aggressive redilatation may have a role in the therapy of this difficult disease. The design of the stent strut may be another important determinant of late restenosis. We used 2 types of stent (ie, the original Palmaz and the Palmaz Corinthian), but we have not yet identified any difference between them because of the small number of lesions tested.
In conclusion, stenting acutely improves PV stenosis, but further investigations on effective measures to prevent restenosis are necessary. Medical treatment to prevent excessive intimal proliferation 26 and innovative stent design may be required, but redilatation to achieve an adequate internal diameter of the PV is another option.
